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PHYSICOCHEMICAL, PROPERTIES OF CAICIUM ARSENATES
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and Insectofungicides

[Figures ero appended./

Inlustrial calcium arsenate used as an enterotropic insecticide 1o a basic
celcium galt of orthoarwenic acid. The exact sompesition end atructure of
industriel samples ls unknown. The molar ratio Ja0 : As,O- varies from 3.3 to 3.7
in variors eaumples. While condusting pagoicochemical s%xzias in the fiald of
calcium arsenates, wo developed a method for obtaining neutral and beslc calcinm
galts of orthoarsenic acid. As & srarting agent we used ersenic acld and &
caleivm hydroxide solution inatead of suspensions. With the use of the calcimm
hydroxide solution, ve obtainsd in pre form the following cryetallic compounds:
4Ca0- ABoDs°SHos, peuvahyirate of tetracalcium-arsenate and 3Ca0-A3205'10H20.
decahydrate of trisalcimm-arsenaté. The first is mede up of rectangular prisms
end the second, of rhombic flakes. :

Wntle preparing the individual compounds ard alao in studying their chemical
prope: ties, ve noted that thelr water suspensionp have quite different propexties.
Thus, & suspension of iCa0°A30s° 5800 in the ratlo of 0.1 gm of the substance to
25 @l of water hasan alkaline réaction (pH9.6); and in the titration of euch a
guspension with a 0.02 N HC] golution iu the preseace i phenolphthalein, the
alkaline coloring of the indicator increased continuously. Complete neutralization
took piace only when about 12 - 35 percent of the calcium oxids wes titrated beck
by the acid. On the other hand, a water suspension of a aolid solution of
calcium hydroxide in dihylrate of tricalcium-arsenate with molar ratic CeO = AspO)
aqual to 3.8 under ths very same conditions has vH 8.6, and the phenolphthulein
coloring disappears after titrating back only 1 - 2 percent Ca0.
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Hater suspensious of 3Ca(*=r’\3205'101i, 0 erd 3Ca0- AsoOs-2H,0 also have different
properties:.  Suspensions cf 3CaO-A5205' UHs0 have pH 9.2. %n titrating & sugpen-
sion with 0.02 N HCY solution in %he presence of prenclphthalein, neuntralizetion
took place orly aftsr 5 - & percent of Cal was titreted beck ty the acid. Suspen-
eions of Ca0°A5205»2H20 have B 8.3, apd newtrallization of the suspengsion occuxred
after adding esverel drops of a 0.02 N HCY solution.

These odgervations were madeon numerous semples, the phese composition of
which had besn previously investigaved.

The results of titrating water suspensions of various samples with a 0.02
N BC1 sclution and the pH determinations for the solutions are phown in Table 1.
It should be noted that, in titrating suspensions from 4Cal-As 05'515[90 or 3Cal-
A5505°10850, the greater part of the Cad was titrated back in EO - 66 minutes
and only 1 percent of CaG 1u 2k howrs. In the titration of suspensions of 3Ca0-
Mao§=zﬂ 0 end so:1d solutions, the time of complete neutralization was 70 - 80 -
hourB. The results show +hat the difference in thas behavior of water suspensions
of calciwm argenate sgrples 1s not chance, but Tollows e definite patiern: suspen-
glons from kCaO"AﬂgO *5Hx0 or 3CaO'A32(?'101{20 ¥ield a neutral resction with
Phenophthalein only &fter adding 0.02 ¥ HOY solution in the smourt neceugary to
feduce the golid phese to & composition of approximstely 2-5Ce0:As,0. (calculdted).
Suspensions of 3CaO“A520 *&E50 or 50114 gsolutions have i 8.3 - B.g, and therefore
the neutralization takes”’rlace after the eddition of very smail quantitiss of the
0.02 N 321 aolution.

It is possidble that thiez differsncs in tho properties of the ‘*czpo'.iuis should

be ascribed to the structure of the compound 's crystal lattice. We checked the
"golubility" of the sompounts having d1fferont pH values (goli‘bility is set in

quntan hecanee aheolute mclubilits 15 o4 Solng Sundldered).

Compogitions apd "Solutility” Curves

.
.

The teats were conducted for pH values ranging from 7.5 to 10 by the follow-
irg method: A welghed portion of the sample (0.1 g) was placed in a cylindrical
veggel (capacity - 100 ml). Then 50 ml of a standerd buffer solution were pourad
in the vesmel. The solubility of each semple vas determined at fcur points with
PH valuep equal to 7.3, 8.2, 9.2, and 10. The ¥veasels were placed in a water
thermostat in which they weys motated continuously for 6 houra. Then the vegsels
wvere left undisturbed for 1t hours and again roteted £or b hours. The thermostet
tonperature wes 25 degroes. ‘The rH values and the A5.0: contsnt were determined
in £1ltrates by the icdometris method. The aolubi11t§ Zas expressed mg-equivalents

of A5pCs per liter. Tae pH valne of the £iltrates was determined by the colori-
motric Indfcator mothod.

The buffar sclution was prapérod from boric acid, borax, KOE, ard EC1. We
intentionally refrained from using phoephoric acld Balts, remembering previous
Tefferences to oxcellent resultz for solubility obtained in the region of high

" T values dus to the low 801ubility of calcium phosphete which forms urder ihese
conditions.

Tadle 1. Results of Tiitrating Suepensions from 0.1 g of the Substance in 2c ml
of H»0 in the Presence of Fhemophthalein.

No of  CaO/Asp0s by Titretion of Suspensiong Initial Value
Samples Chemicai’Analysis Chemical Formula With Phenophthalein of Suspensicng'
pH Velve
0.02 § ECL gol- Cel
ution {m1) (%)
87 h.o) 25.3 k.2 9.6
50’ k.ol 23.2 13.0 9.6
65 b0 %Ca0-A8505 5H,0 25.6 1k.3
66 k.o 20.75 11.6 9.6
67 h.oj 21.1 1.8 9.6
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No of CaO/A5205 by Titration of Cuspensione Initial Value
Samples Chemical Analysie Chemical Formule With Phenophthelein of Suspensions’
H Value

0.02 § HCL sol- Cal

ution (mi} (%)
48 3.0 3Ca0- A8 g0 - 10H,0 9.0 . 5.0 9.1
32 3.0 30a0" A5 ;05 * 10E,0 10.0 5.6 -
123 3.0 3CGO'A.8205' 2H,0 0.7 0.k f.3
53 3.0% ~ 1.0 0,56 -
6k 3.6 2.5 1.4 8.5
3 3.5 2.4 1.3 -
57 3.8 : o 3.1 1,7h 8.6
46’ 3.7 > S011d solutions .10 0.56
112 3.3 1.5 0.8k
113 3.7 2.3 1.29
11k 3:5) 2.0 1.12

Table 2. Results of Determining the "Solubility” of Calcium Arsenate Semples
Ugoluhility" in Buffer Media in Mg-equivalants

No of \ T4 e
S8ampies Composition o 1“205 pex Liter
ng eq mg eq ng eq ng eq
ph Apgus pi ABE()S pa A5205 i n5205
48 3Ca0- Asn0s* 108,50 7.5 13.0 8.2 8.2 9.3 47 10 h.1
50 30" Ag05° 100 7.5 13.5 8.2 10.0 9.2 54 10 4.0
871 - 4Ca0* Asg0s+ 58,0 7.8 12.5 8.2 10.6 9.% 5.3 10 2.7
65  4Caq- A905° 5HL0 7.¢ 13.% 8.2 106 9.3 5.6 10 3.b
€9 kCa0 ha05" SH0 7.9 12.6 8.2 11.0 9.4 5.9 10 3.5
123 30a0" As 05" 2B 0 7.5 ‘6.4 81 34 92 2.3 1w 1.6
6 CaO:M205r3.2' 7.5 ki1 8.1 1.85 9.3 0.9 10 0.85
112 Cao:ﬁsgosua.a 7.5 3.9 8,2 2.2 9.4 0.9 10 0.77
53 Cao:As205;3.L- 7.5 3.2 8,1 1.2 9.2 1.1 10 0.65
Rnlid .
63 (‘-aO:Ac205;3.53 solutions 7.5 3.8 81 *3 9.2 08 10 0.4
e CaO:A.§205=3.6 1.5 3.4 8.1 1.0 9.2 0.3 10 0.3
57 c=o:m20513.8 7.5 3.3 8.2 1.2 9.2 0.3 10 ¢C.1
- 3 -
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The results of determining the "solubility"” of celelum arsoziéfs émprloa. £re
pregented in Table 2 and Figure 1.

e ) As geen from the results, the "solubility" curves for hCa0:As,0 5}?,,0 and
f 3Cal*ais,,0 IOH O are very clope and are much higher than the solu%iiity curves
: for 3036 2& 0 ? O and are solid dolutions. The solubility of the latter is low
and half & tongency to decreese with increass in the molar ratic CaO/A.s?O5 in the
solid solution. ’

The Connsction of the Chemicel Prcverties and “Solubility’Curves With the Structure
of Calcium Bs1ts of Crthosrsenlc Asld,

It is possible to separate the compounds under study into two typee on the
tagis of the chemical properties and solubility curves of neuiral end basic
calcium salts of orthoarasenic acid.

The first type includes:

hem0-As,0_<SH,O - high "solubility" in the pH rangs 7.5-10: water suspsnsion has
H 9.6; mutgaiiza%ion by scid indicated by phenophthelein tekes plsce after
titrating back approximately 1M Cal;

5030 As 0 ~ high "snlubility” in the pH range 7.5-10: water suspension
has pH 7.1; noﬁtral?zntion of acid takes wplace after titisting back approximetely

c-6% Cal.
The pecond type mcluglas:

3Ca0* Ak 0= 25-0 amd soJ i1 solutions of calcivm hydroxide In it witk a leO ¢ An,.o..
ratio squal £073.253.3; low eolupility in the H rengs '(.5-10G; water suspsnsion has”
¥ 8.3-8.6; peutralizatinn takes place sfter “Z*trating back approTimately 1-2% Ca®.

On the other hand,- it 15 known that chemical analysie of semplos by the porcentags
content of Ca0 and As 0 and calculation of the molsr ratio Tad : in a sub-
stance are not sufficgent to determine the phase composition of the cochu:{

X-ray apalysis is not alvays obtainkble amd furthermore Debye graphs cennot be
obtainsl for meny finely dieperssi sampies. Therefore, we attempted to use the
characteristics of the aboveclisted individual compounds af e method for determin-
ing the prase composition of salte and their mixtures.

The solubility curves are shown in Figure 2. "The repalts of determining the -
phase cowposition of waricus camplee by titraticn of thelr zukpsneions andi "Aolubilitcy”
curves are sthown in Table 3.
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4¢a0- A820 *5H0, 3CaC-Ag 0.-10H0, 3Ca0- A3205 2Ha0 and solid solutions were
taken as standards “for compaxrisbn.

From Teble 3 it is seen thet it is not alweys necsssary to record golubility -
curves. Sometimes it i3 sufficient to titrate the suspension with & 0.02 N HC1
golution. Actually, if the percent of Cad 1s less then 2 sccorting to the resulta
of titration with phenolphthelein, then it is possidle to say that the compound
belongs to the sscomd type -- 1.e. 1s 3Ce0-As,0."2H,0 or a solid solution, for
ezample, samples 51 and 57. T

By the pame token, if titration of the suspension yielde & percent of Cel
close to 15, then without the solubility curves it is possible to conclude that
the sample ip kCeO- As, 05 58,0, for example, samples 58 and T1.

We introduce several examples in which the Cal percent ranges from 2 to 15
according to titration.

Sample 75 -- Ca0 - 3.92 percent, CaO:A520 raﬂo 3.02 accoxiing to chemicel
unalysis. "Solubility™ average for pH values 7.5-10; thie meens thst thie s.ample
ip a mechenical mixture of 3Cal‘As ()5 LDTL-,O and. 3Cah: 1%20b 2’320 :

Semple 59 -- Ca0 - 7.84 percent, Ca0:As.0s ratio 3.93. "Solubility” average.
Conssquently, the sample 1s a mixture of h058'25205'5320 with 8 8olid solution.

Sample 52 -- (a0 - 9.42 percent, Ca0:As O ratio . 3.85. ™Solubility" average.
Obviously, this 1s a mixture of hCaO-A5205-5§28 and a solid solution.

Bample 83 ~- Cal - 4.48 porcent CeQ: Asg()5 ratio 3 35 "Solubllity" averags.
The ur;uny.u: i6 & miabure of uyy;u;.unnuv‘.q 7o wsvugu _)vu 4.32Cr'13520 and ..f,,:‘ﬁ:i::‘.‘.:ﬁ"

30 perceut solid solution.

If thle subL ence had been a mizturc of approximstely 30 percent 4Ca0: A5205 pE 0
and 79 percent 3Ca0- A5205 2&20 then 1ts solubility would have been lower.

In owr physicocbemical investigation we often u%ilized this r " .1 to deter-
mine the phase composition of intermediate and sometimes bexminal pheses. In a
majority of cases, this method wes of invaluable sseistance in our work.

o It 18 obvious that there must not bs free ralcium oxide in these subetances.
If there is, it !# necessary o determine the content of free calcium oxide oy

the Borzolin method (in an alcohol solution) and allow for it in the rasult obtained
by the titrutlon of the sclntion witk a 0.02 N EC1 solution in the presence of
phenophthelein. In this case, 2 "solubility" curve rhouli be recorded.

Conclnsions

1. Iwo types of compownds were establiched after atudying the properties
of basic and neutral calcium salte of orthoarsenic aci?.

Type I. -- 4Ca0-As,0.°5H 0, and 3C20-A8.05-10H,0. Water suspenelons
have pH values of 9.6 and 9.1, reepoctively neutraliza ion of suspensinne by acid
ihdicated by phenophtbaleln taksa place for thoso compounds whose basicity reduces
to a Ca: A820 ratio equal approximately to 2.7 - 2.5 in the Molid phese. Both
compounde are higkly soludle in the pH renge 7.5 - 10; cornsequently, they are
highly toxic.

Type II. -- 3Cal Aa "ZH,0 and s0lid sclutions. Water gpusyensions
have pH values of 8.3 - 8.6 ang are highly titrated ty acid in the presence of
rhenolphthalsin. "Solubility" is relatively low.

r
It is possible that the marked differencs in the properties of these two
typee of compounds is due to the different structure of the crystal lattice.
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2, 4An attempt was made to utilize the resulis obiained from the “golubility”
curves and titration of suspensions of the 1ndividual compounds as a method for
determining the phase composition of unimown sesples and aixturvs.

3. The datu obtained makea 1t poseiols to obtein basic celcium salts of
orthearsenic acids which, dus {o their eolubility 1n tke alkslins range, are
much more toxie than imdngtrial esmples now used.

[Eppended tigures follow.]
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Figwre 1. "Solubility” Curves for the Samplee:
LA WR =0 B2 87 L £n 7l 1
. e 4 Ty - Y SNL Y Ay )Ty ey
: %:"’f’{&ad'
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Figurs 2, "Solubility" Curves for the Samples:
51, 52, 58, 59, 62, 71, 75, 76, 78, 83
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